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Reply to Office action of July 25, 2006 

Amendments to the Claims: 

Claims 1-91 (canceled) 

92. (currently amended) A semiconductor device bonding stru ct ure, suited for 
5 bonding a first electric component and a second electric component, comprising: 

a pad having a region exposed by an opening in a passivation layer; 

a metal pillar over all of said region; first e lectric compon e nt; and 

a tin-containing cap over said metal pillar, wherein said tin-containing cap has a 
greatest transverse dimension less than a transverse dimension of said metal p illars-said 
10 cap suited for being bonded to a pad e xpos e d by an opening in an insulation layer of said 
s econd e l ect ric com ponent, wherein said greatest transverse dimension of said cap is less 
than a transv e rse dimension of said opening, wh e rein said cap is formed over said pillar 
before said first electric component is bonded to said second electric component . 

15 93. (currently amended) The semiconductor device structur e o f claim 92, wherein 

said metal pillar comprises copper. 

94. (currently amended but withdrawn) The semiconductor device structur e of 
claim 92, wherein said metal pillar comprises a tin-lead alloy. 

20 

95. (currently amended but withdrawn) The semiconductor device structure of 
claim 92, wherein said metal pillar comprises gold. 

96. (currently amended) The semiconductor device structure of claim 92, wherein 
25 said metal pillar comprises a tin-silver-copper alloy. 

97. (currently amended) The semiconductor device structure of claim 92, wherein 
said metal pillar e ap-comprises an electroplated metal, s older 



3 



Appl.No. 10/055,580 

Amdt. dated October 23, 2006 

Reply to Office action of July 25, 2006 



98. (currently amended but withdrawn) The semiconductor device structur e of 
claim 92, wherein said tin-containing cap further comprises lead, a tin - lead alloy. 

5 99. (currently amended) The semiconductor device structure of claim 92, wherein 

said tin-containing cap further comprises bismuth, tffir 

100. (currently amended) The semiconductor device structure of claim 92, 
wherein said tin-containing cap comprises an electroplated metal, a lead-free alloy. 

10 

101. (currently amended) The semiconductor device structure o f claim 92 further 
comprising a conductive layer between said metal pillar and said tin-containing cap, said 
metal pillar having a height greater than that of said conductive layer. 

15 102. (currently amended) The semiconductor device structure of claim 101, 

wherein said conductive layer covers part of a top surface of has a transv e rse dimension 
l e ss than said transverse dimension of said metal p illar. 

103. (currently amended) The semiconductor device structure of claim 101, 
20 wherein said conductive layer covers all of a top surface of said metal pillar. h as~a 

transverse dimens i on greater than said g re at e s t tr ansv e rse dimension of said cap. — 

104. (currently amended) The semiconductor device structur e of claim 92, 
wherein said tin-containing cap has a melting point lower than that of said metal pillar. 

25 

105. (currently amended) The semiconductor device structur e of claim 92 further 
comprising a metal layer between said metal pillar and said a-pad and between said ef 
said first electric c o mponent, said metal pillar having a height greater than that of said 



4 



Appl.No. 10/055,580 

Arndt. dated October 23 , 2006 

Reply to Office action of July 25, 2006 

metal layer. 

106. (currently amended) The semiconductor device structure of claim 105, 
wherein said metal layer comprises titanium. 

5 

107. (currently amended) The semiconductor device structur e of claim 105, 
wherein said metal layer comprises tungsten. 

108. (currently amended) The semiconductor device structure of claim 105, 
10 wherein said metal layer comprises chromium. 

109. (currently amended) The semiconductor device s tr uc ture of claim 105, 
wherein said metal layer comprises copper. 

15 110. (currently amended) The semiconductor device structure of claim 105, 

wherein said metal layer comprises nickel. 

111. (currently amended) The semiconductor device structure of claim 105, 
wherein said metal layer comprises cobalt. 

20 

112. (currently amended) The semiconductor device structure of claim 105, 
wherein said metal layer comprises silver. 

113. (currently amended) The semiconductor device structure of claim 105, 
25 wherein said metal layer comprises gold. 

114. (currently amended) The semiconductor device structure of claim 105, 
wherein said metal layer comprises tin. 
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115. (currently amended) The semiconductor device structure of claim 105, 
wherein said metal layer comprises vanadium. 

5 116. (currently amended) The semiconductor device structur e of claim 105, 

wherein said metal layer comprises palladium. 

117. (currently amended) The semiconductor device structure of claim 105, 9 ^ 
wherein said metal layer comprises a sputtered metal. first el ec tric component 

10 comprises a chip. 

118. (currently amended) The semiconductor device structure of claim 92, 
wherein said tin-containing cap is on said metal pillar. first electric compon e nt 
comprises a wafer. 

15 

119. (currently amended) The semiconductor device structur e of claim 92, 
wherein said metal pillar has a height greater than that of said tin-containing cap. 
second electric component compris e s a substrate, and said insulation lay e r comprises a 
solder mask layer. 

20 

120. (currently amended) A semiconductor device bonding structur e , comprising: 
a pad exposed by an opening in an insulating layer; 

a copper pillar over said pad; c o mprising copper and formed using a process 
comprising e lectroplating; and 
25 a tin-containing cap comprising tin a nd over said copper pillar, wherein said 

tin-containing cap has a greatest transverse dimension less than that a transverse 
d im e n si on of said copper pillar and has a height less than a height of said pillar . 
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121. (currently amended) The semiconductor device structure of claim 120, 
wherein said tin-containing cap is on said copper pillar. pillar is over a chip or wafer. 

122. (currently amended) The semiconductor device stru ct u re of claim 121 further 
5 comprising a metal layer between said copper pillar and said pad, chip or wafer, said 

copper p illar having a thickness greater than that of said metal layer. 

123. (currently amended) The semiconductor device structure of claim 122, 
wherein said metal layer comprises titanium , tungsten, chromium, copper, nick e l, cobalt, 

10 silver, gold, tin, vanadium or palladium . 

124. (currently amended but withdrawn) The semiconductor device structure of 
claim 120, wherein said tin-containing cap farther comprises lead. a tin lead alloy. 

15 125. (currently amended) The semiconductor device structur e of claim 122, 4 30^ 

wherein said metal layer comprises chromium, said cap compris e s a l e ad free alloy. 

126. (currently amended) The semiconductor device structure of claim 120 further 
comprising a conductive layer between said copper pillar and said tin-containing cap, said 

20 copper pillar having a height greater than that of said conductive layer. 

127. (currently amended) The semiconductor device structure of claim 126, 
wherein said conductive layer covers part of a top surface of has a transverse dimension 
l e ss than said transvers e dim e nsi o n of said copper pillar. 

25 

128. (currently amended) The semiconductor device structure of claim 126, 
wherein said conductive layer covers all of a top surface of said copper pillar. h as-~a 
transverse dimension great e r than said gr e atest transverse dim e nsion o f s aid ca p. — 
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129. (currently amended) The semiconductor device structure of claim 120, 
wherein said tin-containing cap has a melting point lower than that of said metal pillar. 

5 130-150. (canceled) 

151. (currently amended) A semiconductor device bonding structure, comprising: 
a pad exposed by an opening in an insulating layer; 

a metal p illar over said pad, wherein said metal pillar comprises comprising a 
1 0 tin-silver-copper alloy; and 

a tin-containing cap over said metal pillar. 

152. (currently amended) The semiconductor device structure of claim 151, 
wherein said tin-containing cap is on said metal pillar, p illar is over a chip or wafer. 

15 

153. (currently amended) The semiconductor device structur e of claim 152 further 
comprising a metal layer between said metal pillar and said pad, chip or wafer, said metal 
pillar having a thickness greater than that of said metal layer. 

20 154. (currently amended) The semiconductor device structure of claim 153, 

wherein said metal layer comprises titanium , tungsten, chromium, copp e r, nickel, cobalt, 
silver, gold, tin, vanadium or palladium . 

155. (currently amended but withdrawn) The semiconductor device structure of 
25 claim 151, wherein said tin-containing cap further comprises lead, a tin - lead alloy. 

1 56. (currently amended) The semiconductor device structur e of claim 153, 4 54? 
wherein said metal layer comprises chromium, cap comprises a tin. 
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157, (currently amended) The semiconductor device structure of claim 153, 
wherein said metal layer comprises copper, cap comprises a lead-free alloy. 

5 158, (currently amended) The semiconductor device structure of claim 151, 

wherein said tin-containin g cap further comprises bismuth, a ti n- bismuth alloy. 

159. (currently amended) The semiconductor device structure of claim 151 further 
comprising a conductive layer between said metal pillar and said tin-containing cap, said 

1 0 metal pillar having a height greater than that of said conductive layer. 

160. (currently amended) The semiconductor device structur e of claim 159, 
wherein said conductive layer covers part of a top surface of has a transv e rse dimension 
less than sa id tr ansve r s e d ime nsion of said metal pillar. 

15 

161. (currently amended) The semiconductor device structure o f claim 159, 
wherein said conductive layer covers all of a top surface of said metal pillar, has-a 
transverse dimension greater than said gr e at e st transv e rse dim e nsion of said cap. — 

20 162. (currently amended) The semiconductor device structur e of claim 151, 

wherein said tin-containing cap has a melting point lower than that of said metal pillar. 

163. (new) The semiconductor device of claim 120, wherein said copper pillar is 
electroplated. 

25 

164. (new) The semiconductor device of claim 151, wherein said metal pillar comprises 
an electroplated metal. 
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